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Background: Necrotizing fasciitis is a surgical emergency and old age is one of the predictors to mortality.
Nonetheless, no speciﬁc report has addressed necrotizing fasciitis concerning aged patients. The aim of
this study was to determine risk factors of mortality in elderly patients with necrotizing fasciitis.
Methods: A retrospective review of 65 patients with surgically conﬁrmed necrotizing fasciitis in a tertiary
medical center from January 2004 to December 2008 was conducted. Comparison between patients who
survived and died was based on clinical ﬁndings, laboratory data, complications, and surgical timing.
Results: The mortality rate for the 65 patients was 32%. The average hospitalization was 33.7 days.
Signiﬁcant differences between the two groups were observed in surgical time, wound closure method,
and admission levels of hemoglobin and albumin. Signiﬁcant risk factors from binary logistic regression
were liver cirrhosis, acute renal failure, and respiratory failure. Patients with more complications had
a lower survival rate.
Conclusion: Early diagnosis of necrotizing fasciitis is difﬁcult in aged patients, but in-hospital compli-
cations are the main determinants of mortality. Patients with liver cirrhosis are the high-risk group to
mortality. Prevention of complications, such as acute renal failure and acute respiratory failure may be
helpful in survival.
Copyright  2011, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
Necrotizing fasciitis, ﬁrst coined in 19521, is a rapidly progres-
sive infection involving the subcutaneous tissue and the fascia.
Invasion of the skin andmuscle layers are rare in the early stages, so
delayed diagnosis and treatment is not uncommon2,3. Three types
of necrotizing fasciitis have been recognized according to the
infecting pathogen4. Type 1 infections involve most cases and are
always polymicrobial pathogens. Type 2 is caused by group A
b-hemolytic streptococcus and usually accompanies with septic
shock syndrome. Type 3 is associated with Vibrio vulniﬁcus or
Aeromonas hydrophilic infection and is characteristic with its
fulminant episode.
Despite advancements in medical care, the mortality rate of
necrotizing fasciitis remains high (19%e46%)5e7. Early diagnosis
and adequate surgical debridement is positively correlated to the
survival rate8e11. Previous malignancy, liver cirrhosis, heart disease,
and renal insufﬁciency are risk factors of mortality.12e15 Delayedof Division of Plastic Surgery
ng Shan North Road, Taipei,
Huang).
erest.
iwan Society of Geriatric Emergendiagnosis can increase mortality in the elderly13, but no studies
have explored the risk factors of necrotizing fasciitis in geriatric
patients. Because the elderly presently constitutes about 10% of the
population16, a ﬁgure that will increase as the global population
ages, the reasons for the high mortality rate deserve further
investigation. The present study was undertaken as a ﬁrst step in
identifying risk factors of necrotizing fasciitis-related mortality in
elderly patients.
2. Methods
A retrospective reviewwas performed using themedical records
of patients admitted to Mackay Memorial Hospital, Taipei, Taiwan,
with a discharge diagnosis of necrotizing fasciitis (International
Classiﬁcation of Diseases, Ninth Revision [ICD-9] code 72886)
during a 5-year period from January 2004 to December 2008.
Patients aged older than 65 years were included. Deﬁnitive
diagnosis was made with operative ﬁndings of massive necrosis,
avascular change, or foul purulent discharge of the fascia. Histo-
pathologic tissue examination at operative exploration conﬁrm the
diagnosis if available2. Patients with a suspected diagnosis without
surgical treatment were excluded, as were patients who had
received prior surgical treatment before being transferred to our
hospital.cy & Critical Care Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
Table 1
Clinical data of 65 patients divided with mortality
Variablesa Total
(n¼ 65)
Survivors
(n¼ 44)
Nonsurvivors
(n¼ 21)
p
Age (yr) 72.9 6.6 72.6 5.6 73.8 8.4 0.51b
Hospital stay (d) 33.7 19.0 36.6 16.4 27.6 22.9 0.08b
Gender
Male 36 (55.4) 27 (61.4) 9 (42.8) 0.16c
Female 29 (44.6) 17 (38.6) 12 (57.2)
Type
1 53 (81.5) 33 (75) 20 (95.2) 0.11c
2 7 (10.8) 7 (15.9) 0 (0)
3 5 (7.7) 4 (9.1) 1 (4.8)
Alcoholism 4 (6.2) 3 (6.8) 1 (4.8) 0.74d
Smoking 15 (23.1) 12 (27.3) 3 (14.3) 0.25d
Fever or hypothermia 42 (64.6) 26 (59.1) 16 (76.2) 0.18c
Hemorrhagic bulla 52 (80) 35 (79.5) 16 (76.2) 0.76c
Location
Lower limbs 48 (73.8) 30 (68.2) 18 (85.6) 0.18c
Upper limbs 4 (6.2) 3 (6.8) 1 (4.8)
Trunk 7 (10.8) 6 (13.6) 1 (4.8)
Neck 6 (9.2) 5 (11.4) 1 (4.8)
Operation time (d) 1.6 1.6 1.5 1.5 1.7 1.9 0.59b
Op times 2.4 1.0 2.7 0.9 1.7 1.0 0.002b
Wound closure
2nd healing 20 (30.8) 6 (13.6) 14 (66.7) <0.001c
C.-M. Yu et al.42Variables examined included age, gender, location of infection,
number and type of comorbidity before admission, vital parame-
ters, and laboratory ﬁndings on admission. Laboratory risk indi-
cator for necrotizing fasciitis (LRINEC) scores were calculated as
previously reported17. The microorganisms from the ﬁrst specimen
of wound culture were recorded. Complications during patients’
hospital staywere also analyzed. The time from emergency room to
operative treatment, number of operations, duration of hospitali-
zation, and in-hospital mortality were documented.
Risk ratios to mortality were calculated with SPSS version 11.0
software (SPSS Inc., Chicago, IL, USA). Univariate analyses were
performed at ﬁrst. Nominal factors, such as gender, comorbidity,
and complication were calculated with the c2 method. Fisher’s
exact test was applied if the total number was less than 20 and one
group was less than 5. The continuous variables, such as hemo-
globin or albumin level, were calculated with the two-tailed
Student’s t test. Ordinal data, such as the LRINEC score, were
computed with the Mann-Whitney U test.
All variables with a p value less than 0.10 in the univariate
analyses were included in a stepwise binary logistic regression
analysis. In-hospital mortality was used as the dependent variable.
The adjusted odds ratios with 95% conﬁdence interval were
calculated to explain relative risks of mortality. A p value less than
0.05 was considered statistically signiﬁcant.
This study was approved by the Institutional Review Board of
Mackay Memorial Hospital.Skin graft 29 (44.6) 25 (56.8) 4 (19.5)
Local ﬂap 10 (15.4) 9 (20.5) 1 (4.8)
Limb amputation 6 (9.2) 4 (9.1) 2 (9.5)
Microorganisms
Monomicrobial 44 (67.7) 31 (70.5) 13 (61.9) 0.73c
Polymicrobial 12 (18.5) 7 (15.9) 5 (23.8)
Negative culture 9 (13.8) 6 (13.6) 3 (14.3)
a Data are presented with mean value standard deviation or number of patients
(%).
b t test.
c c2 test.
d Fisher exact test.
Table 2
Comparison of comorbidity between survivors and nonsurvivors groups
Variablesa Total
(n¼ 65)
Survivors
(n¼ 44)
Nonsurvivors
(n¼ 21)
p
DM 35 (53.8) 27 (61.4) 8 (38.1) 0.11b
Chronic renal failure 11 (16.9) 8 (18.2) 3 (14.3) 0.70c
Old stroke 2 (3.1) 2 (4.5) 0 (0) 0.32c
Malignancy 8 (12.3) 5 (11.4) 3 (14.3) 0.74c
Heart disease 27 (41.5) 19 (43.2) 8 (38.1) 0.70b
Liver cirrhosis 9 (13.8) 2 (4.5) 7 (33.3) 0.004c
DM¼ diabetes mellitus.
a Data are presented with number of patients (%).
b c2 test.
c Fisher exact test.3. Results
A total of 68 patients were recruited. Of these, three patients
were excluded because of transfer to other hospitals. The remaining
65 patients were divided into two groups: survivors and non-
survivors (Table 1). Mean agewas 72.97 years and 36 of the patients
were men. Mortality rate was about 32%. Average hospitalization
stay was 33.7 days. Six patients died within 10 days of hospitali-
zation; their deaths were presumed to be directly related to
necrotizing fasciitis. Four patients had drinking habits and 15
patients smoked regularly. Fifty-two patients had hemorrhagic
bulla and 42 had fever (body temperature higher than 38C) or
hypothermia (body temperature below 36C) before their ﬁrst
operation. Type 1 necrotizing fasciitis involved 53 patients and 48
patients had lesions in their lower limbs. Forty-four patients had
monomicrobial infection and 12 patients had polymicrobial infec-
tion. The initial operation was performed about 1.6 days from
admission. Patients in the surviving group received signiﬁcantly
more surgical procedures than those in the other group. Signiﬁcant
difference was also seen in the method of wound closure: only 1 of
10 patients with ﬂap closure died, whereas 14 of 20 patients with
second healing died.
Table 2 summarizes data on the comparison of the comorbid-
ities on admission in the two groups. Thirty-ﬁve patients were
diabetic and 27 patients had heart diseases, such as coronary heart
disease, valve heart disease, or congestive heart failure. Eleven
patients had chronic renal failure on regular dialysis. Eight patients
had a past history of malignancy, including breast cancer, colon
cancer, or renal cell cancer. Two patients had previously experi-
enced a stroke. Liver cirrhosis was the only signiﬁcant risk factor to
mortality (p< 0.05).
Table 3 summarizes the pathogenic microorganisms. Nine
patients had a negative result for wound culture. Bacteroides was
the most common pathogen but Gram-positive bacteria out-
numbered the other types. There was no signiﬁcant difference
among the pathogens grouped as gram positive, gram negative, and
anaerobic.Data concerning in-hospital major complications are presented
in Table 4. Fourteen patients who had normal renal function on
admission required dialysis during their treatment course. Fifteen
patients had pneumonia or adult respiratory distress syndrome
requiring ventilator support. Five of eight patients who developed
acute myocardial infarction did not survive. Four patients experi-
enced hepatic failure and three of these patients had liver cirrhosis.
Eighteen patients developed septic shock, which was directly
related to necrotizing fasciitis in only two patients. Signiﬁcant
differences were apparent in respiratory failure, acute renal failure,
and septic shock between the 2 groups. All patients without major
Table 3
Microorganisms isolated from wound culture
Variablesa Total
(n¼ 65)
Survivors
(n¼ 44)
Nonsurvivors
(n¼ 21)
pb
Gram-positive 33 (50.8) 24 (54.5) 9 (42.9) 0.38
MRSA 8 (12.3) 6 (13.6) 2 (9.5)
MSSA 4 (6.2) 2 (4.5) 2 (9.5)
Group A Streptococcus 7 (10.8) 7 (15.9) 0 (0)
Group B Streptococcus 7 (10.8) 5 (11.4) 2 (9.5)
Group D Streptococcus 3 (4.6) 1 (2.3) 2 (9.5)
Non ADB Streptococcus 3 (4.6) 2 (4.5) 1 (4.8)
Enterococcus 1 (1.5) 1 (2.3) 0 (0)
Gram-negative 21 (32.3) 12 (27.3) 9 (42.9) 0.21
Escherichia coli 5 (7.7) 3 (6.8) 2 (9.5)
Klebsiella pneumoniae 4 (6.2) 2 (4.5) 2 (9.5)
Enterobacter cloacae 1 (1.5) 1 (2.3) 0 (0)
Acinetobacter baumannii 1(1.5) 1 (2.3) 0 (0)
Prevotella 1 (1.5) 1 (2.3) 0 (0)
Proteus mirabilis 2 (3.1) 0 (0) 2 (9.5)
Vibrio vulniﬁcus 3 (4.6) 3 (6.8) 0 (0)
Aeromonas hydrophila 1(1.5) 0 (0) 1 (4.8)
Pseudomonas aeruginosa 2 (3.1) 0 (0) 2 (9.5)
Salmonella 1 (1.5) 1 (2.3) 0 (0)
Anaerobic 15 (23.1) 9 (20.5) 6 (28.6) 0.47
Bacteroides 10 (15.4) 7 (15.9) 3 (14.3)
Clostridium 5 (7.7) 2 (4.5) 3 (14.3)
MRSA¼methicillin-resistant Staphylococcus aureus; MSSA¼methicillin-sensitive
Staphylococcus aureus.
a Data are presented with number of patients (%).
b c2 test.
Table 5
Comparisons of laboratory data between survivors and nonsurvivors groups
Variablesa Survivors Nonsurvivors p
Hemoglobin (g/dL) 11.55 1.99 9.88 1.81 0.002b
White blood cell count (/uL) 16.62 6.66 20.79 30.78 0.39b
C-reactive protein (mg/dL) 19.79 11.02 15.38 8.67 0.11b
Sodium (meq/L) 134.14 6.36 134.67 3.44 0.72b
Creatinine (mg/dL) 2.08 1.83 2.29 1.72 0.66b
Blood sugar (mg/dL) 225.43 124.16 193.14 165.41 0.38b
LRINEC score 6.90 2.67 6.67 3.35 0.44c
Albumin (mg/dL) 2.63 0.53 2.20 0.50 0.003b
LRINEC¼ laboratory risk indicator for necrotizing fasciitis.
a Data are presented as mean value standard deviation.
b t test.
c Mann-Whitney U test.
Necrotizing Fasciitis Risk Factors 43complication survived, whereas all patients havingmore than three
complications died.
Laboratory data on admission is summarized in Table 5. The
level of hemoglobin and albumin of surviving patients was signif-
icantly higher than those of the other group. Average LRINEC scores
of both groups exceeded six, indicating a moderate risk of necro-
tizing fasciitis. The mean score of the mortality group was lesser
than the surviving group, although the difference was not statisti-
cally signiﬁcant.
The signiﬁcant risk factors in the regression calculation were
liver cirrhosis, acute respiratory failure, and acute renal failure
(Table 6).
4. Discussion
Necrotizing fasciitis is a surgical emergency and the most severe
type of skin and soft tissue infection. Delay of recognition or surgery
preludes a high mortality rate and prolonged hospitalization10.Table 4
Comparisons of in-hospital complications between survivors and nonsurvivors
groups
Variablesa Total
(n¼ 65)
Survivors
(n¼ 44)
Nonsurvivors
(n¼ 21)
p
Acute respiratory failure 15 (23.1) 2 (4.5) 13 (61.9) <0.001b
Acute renal failure 14 (21.5) 4 (9.1) 10 (47.6) 0.001b
Acute myocardial infarction 8 (12.3) 3 (6.8) 5 (23.8) 0.05b
Septic shock 18 (27.7) 6 (13.6) 12 (57.1) 0.001c
Hepatic failure 4 (6.2) 1 (2.3) 3 (14.3) 0.06b
Complications <0.001b
0 29 (44.6) 29 (65.9) 0 (0)
1 20 (30.8) 14 (31.8) 6 (28.6)
2 11 (16.9) 1 (2.3) 10 (47.6)
3 3 (4.6) 0 (0) 3 (14.3)
4 2 (3.1) 0 (0) 2 (9.5)
a Data are presented with number of patients (%).
b Fisher exact test.
c c2 test.Early clinical features, such as pain, tenderness, and swelling are
nonspeciﬁc to other soft tissue infections, such as cellulites and
erysipelas, so these symptoms cannot be used for diagnosis3. Pain
out of proportion to the clinical feature andpresence of hemorrhagic
bulla are the two major reliable diagnostic clues, but they always
occur later in the course of the infection7. The difﬁculty of early
diagnosis results in high mortality rates to about 25% in the general
adult population andup to44% in the elderly7,12. Thepresently found
mortality rate of 32% is comparable with these studies.
Elderly people are highly susceptible to necrotizing fasciitis
because of skin atrophy, immunosenescence, and comorbidity
diseases18. Old age is also a risk factor for mortality12,14. Geriatric
patients always present with atypical symptoms that hamper
accurate diagnosis of diseases, including necrotizing fasciitis19. In
our study, patients’ average LRINEC score on admission was in the
range of moderate risk, but our surgical treatments typically
reﬂected the reliable clinical ﬁndings. Because of later developing
symptoms in geriatric patients, the average delay from admission
to operation exceeded 24 hours. High proportion of fever and
hemorrhagic bulla illustrates the consequences of delayed diag-
nosis. Although the timing of surgery was not signiﬁcantly associ-
ated with patient survival in our study, a rapid diagnosis and
prompt operative treatment is still a standard in treatment of this
disease. Therefore, objective evidence like LRINEC may be consid-
ered as an early sign of surgical indication than clinical symptoms
in geriatrics.
Only six patients in the survivors group had wound healing with
secondary intention, whereas one-third of the mortality patients
did not receive deﬁnitive wound closure. Less surgery times were
also evident in the latter group. The difference of operation times
between the two groups was not consistent with previous reports,
but the difference of wound closure method was the same12,20.
Most surviving patients can have ﬁnal wound closure before
discharge, so they may undergo more surgical procedures than
nonsurvivors. Secondary wound infection from poor healing and
decreased local perfusion has been reported in the treatment of
surgical wounds of immunocompromised patients with necro-
tizing fasciitis and supportive care rather than radical surgery being
suggested in unstable patients11. Our data is also consistent with
a similar conservative attitude toward elderly patients.Table 6
Binary Logistic regression of signiﬁcant variables
Variables Regression
coefﬁcients
Adjusted
odds ratio
95% conﬁdence
interval
p
Liver cirrhosis 2.67 14.4 1.3e160.1 0.029
Acute respiratory failure 3.73 41.7 5.2e336.5 <0.001
Acute renal failure 2.46 11.7 1.6e87.7 0.016
C.-M. Yu et al.44Liver cirrhosis was the only the coexisting major disease with
a signiﬁcant odds ratio (14.4, 95% conﬁdence interval: 1.3e160.1) in
our patient series. Cirrhotic patients suffer from defects of the
immune system, including poor monocyte function, decreased
phagocytic activity of the reticuloendothelial system, impaired
chemotaxis, and low serum levels of complement21. Besides,
hepatic encephalopathy is often associated with sepsis and will
mask the critical condition of infection22. The immunity compro-
mise and the atypical clinical manifestation may illustrate the
association between mortality and liver cirrhosis in our senile
patients. Although not all the report has the same ﬁnding, it seems
that liver cirrhosis is only found to be a risk factor speciﬁc to Taiwan
patients7,14,21,22. Hepatitis B virus (HBV) is the leading cause to liver
cirrhosis in Taiwan but there is no signiﬁcant difference inmortality
between bacteremic patients grouped as HBV positive, HBV nega-
tive, and alcoholic23. A general survey of patients with liver
cirrhosis and necrotizing fasciitis may elucidate the regional
speciﬁcity.
In exploring the timing of patients’ death, only about 28% of our
patients died within 10 days of hospitalization. Most other
mortality occurred late in treatment. A high correlation was noted
between the numbers of in-hospital complications and mortality.
Rather than delay of surgery, it was the complications that affected
patient survival. Two major complications were signiﬁcantly
related to our mortality, acute renal failure, and acute respiratory
failure. The former can be caused by sepsis and will exacerbate the
consequences of sepsis24. Mortality rate in necrotizing fasciitis with
acute renal failure has been reported to be 50%12. Presently, 71% of
mortality occurred in patients with acute renal failure. Moreover,
this rate increased to 87% in patients with acute respiratory failure;
in sharp contrast, the average reported mortality rate of the same
complication in general elderly patients is 13%e29%25. Our data
suggest that the outcome of both complications is too dire to
warrant treatment. Therefore, prevention of such complications
may be helpful in salvaging these vulnerable patients.
This retrospective study has several limitations. First, the sample
size is relatively small in comparison with recent studies in general
adults. In addition, we did not document the time and kind of
antibiotic treatments, so were unable to evaluate the effect of
timing of antibiotics on patient’s mortality. Because our 65 patients
all received broad-spectrum antibiotics on admission, the bias of
antibiotic treatment can be neglected. Finally, our data can only
illustrate the condition of patients in northern Taiwan. A larger
prospective, population-based study will be needed to yield more
representative data for the entire country.
In conclusion, being alert for necrotizing fasciitis is important
for early surgical debridement in elderly patients. Liver cirrhosis isthe negative prognostic factors on admission for survival. Acute
renal failure and acute respiratory failure are the main risk factors
in the course of treatment. Prevention of in-hospital complication
can, thus, decrease the mortality rate.References
1. Wilson B. Necrotizing fasciitis. Am J Surg 1952;18:416e431.
2. Lewis RT. Soft tissue infections. World J Surg 1998;22:146e151.
3. Wang YS, Wong CH, Tay YK. Staging of necrotizing fasciitis based on the
evolving cutaneous features. Int J Dermatol 2007;46:1036e1041.
4. Sarani B, Strong M, Pascual J, et al. Necrotizing fasciitis: current concepts and
review of the literature. J Am Coll Surg 2009;208:279e288.
5. Forbes N, Rankin AP. Necrotizing fasciitis and non steroidal anti-inﬂammatory
drugs: a case series and review of the literature. N Z Med J 2001;114:3e6.
6. Wong CH, Chang HC, Pasupathy S, et al. Necrotizing fasciitis: clinical presen-
tation, microbiology, and determinants of mortality. J Bone Joint Surg Am
2003;85:1454e1460.
7. Hsiao CT, Weng HH, Yuan YD, et al. Predictors of mortality in patients with
necrotizing fasciitis. Am J Emerg Med 2008;26:170e175.
8. Meleney FL. Hemolytic streptococcus gangrene. Arch Surg 1924;9:317e364.
9. Masjeski JA, Alexander JW. Early diagnosis, nutritional support and immediate
extensive debridement improve survival in necrotizing fasciitis. Am J Surg
1983;145:784e787.
10. Stamenkovic I, Lew PD. Early recognition of potentially fatal necrotizing fas-
ciitis. The use of frozen section biopsy. N Engl J Med 1984;310:1689e1693.
11. Wong CH, Yam AK, Tan AB, et al. Approach to debridement in necrotizing
fasciitis. Am J Surg 2008;196:e19ee24.
12. Elliot DC, Kufera JA, Myers RA. Necrotizing soft tissue infections: risk factors for
mortality and strategies for management. Ann Surg 1996;224:672e683.
13. Anaya DA, McMahon K, Nathens AB, et al. Predictors of mortality and limb loss
in necrotizing soft tissue infections. Arch Surg 2005;140:151e157.
14. Bair MJ, Chi H, Wang WS, et al. Necrotizing fasciitis in southeast Taiwan:
clinical features, microbiology, and prognosis. Int J Infect Dis 2009;13:255e260.
15. Taviloglu K, Cabioglu N, Cagatay A, et al. Idiopathic necrotizing fasciitis: risk
factors and strategies for management. Am Surg 2005;71:315e320.
16. Tsai CH, Shih SC. International journal of gerontology (Opening statement).
Inter J Geront 2007;1:1.
17. Wong CH, Khin LW, Heng KS, et al. The LRINEC (laboratory risk indicator for
necrotizing fasciitis) score: a tool for distinguishing necrotizing fasciitis from
other soft tissue infections. Crit care med 2004;32:1535e1541.
18. Anderson DJ, Kaye KS. Skin and soft tissue infections in older adults. Clin Geriatr
Med 2007;23:595e613.
19. Htwe TH, Mushtaq A, Robison SB, et al. Infection in the elderly. Infect Dis Clin
North Am 2007;21:711e743.
20. Hong YC, Chou MH, Liu EH, et al. The effect of prolonged ED stay on outcome in
patients with necrotizing fasciitis. Am J Emerg Med 2009;27:385e390.
21. Cheng NC, Tai HC, Tang YB, et al. Necrotising fasciitis: clinical features in
patients with liver cirrhosis. Br J Plast Surg 2005;58:702e707.
22. Liu BM, Hsiao CT, Chung KJ, et al. Hemorrhagic bullae represent an ominous
sign for cirrhotic patients. J Emerg Med 2008;34:277e281.
23. Kuo CH, Changchien CS, Yang CY, et al. Bacteremia in patients with cirrhosis of
the liver. Liver 1991;11:334e339.
24. Rangel-Frausto MS, Pittet D, Costigan M, et al. The natural history of the
systemic inﬂammatory response syndrome (SIRS). A prospective study. JAMA
1995;273:117e123.
25. Ray P, Birolleau S, Lefort Y, et al. Acute respiratory failure in the elderly:
etiology, emergency diagnosis and prognosis. Crit Care 2006;10:R82.
